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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method, instrument, program 
and a recording medium for distance measurement, and a distance 
measurement instrument mounting type robot apparatus that can 
precisely acquire distance information irrespective of illuminance and 
an object, even in an image containing a portion of low reliability. 
SOLUTION: A stereo distance measuring instrument 501 generates a 
plurality of reliability images 521 and a plurality of distance images 531 
respectively in a reliability image generation-calculating part 520 and a 
distance image generation-calculating 530, based on a plurality of 
stereo images 51 1 image-picked up by a stereo-camera 510 with 
different parameters. A distance data of the distance image in a high- 
reliability area of reliability higher than a prescribed threshold value 
within the reliability images 521 is composed, based on the images, in 
an image masking processing part 540 and a low reliability 
complementing processing part 550, and distance data in a low- 
reliability area are interpolated by the distance data in the high- 
reliability area, so as to generate the distance image. 
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(57) 

is*mmmmm 5 0 1 a, n«« 

^xu^-*^ 7 5 1 OK J: i9ft^$n/c 
ISftro^f u«5 1 ij&»f>, ftMftfftt£jftfl-J|£ 
&5 2 0AVEKHfft^SHSa5 3 0KT5fc*«»© 

fe*&Wtt5 2 1 RXfSOMWi®. 5 3 l^fig^ttSo r 

«K*l£*yiSl5 5 5 OKT, 1tffi£B{fe5 2 1 fWJT£ 




1 

±.%mm.%.m&<»mm%. \cm^x m^mm^ z ±s& 
■tz®.ffiwmnjET.mttti^ io 

±f2SEP§®<g<ffiiEXfIli > ±ffifS«SW«»fI«SiS0f 
ft *ffi*KfeSfi*SlRj±«iaxS«r^r-t-5 r £ 

-r*i&-c*>5, ±f2ff«s^±*2:Sxgii, ±teffiffl 

[»*«3l ±EHfftA^jXSH:, Xt" U;t7J t< 7 
i 5 xt i^WflMlfcXg&^r u 
±£BaWA#Xg|i, ±Efiflr«f£ffl«©fHffi«*rifi5 

±f2xx i^B^SA^-rs r t &<$mt-f -511*9 
2E«roSgHf+Iij^ 0 

[1***14] ±f2^77<— *fi, ±f2xxi/^-^y 7 

W'<7/-?X'hz>z btftmb-t-zz tzmsLt-rs 30 

HHP*. 3 12«osgg|ftffl^ffi 0 
IIS*JI5] ±32flMS£B»K::fctt.5±5effim<fi«« 

*94f2«roSgBtffSij77ffi 0 

[!S*l6] ±|2B<feA;ftX;gte > fioxf uffi 
{felrA^-f SIgT'&lK 

±fESg||pift4j55tXSl±, ±12^1 WXrU-^-jli^d^ib 
SB l <asgpf-r-*£3?ii3 L«£ l ©EW^-^fe* l 40 
<og§SEiS{£££j£1-3X*lT-& 9 , 
±82ff*£Bft£j5fcX6H:, ±1235 1 0>EKi9ft«:±j£ 

tSWOT Lfc±f2il 1 (757.x U*m&<D'J?te< b <b 

1 oa»P,|g l »{tffiSM^Sr^i-SXgT-fcoT, 

(±> ±fe(&{f^S^cr.miiS^i^fc'57j'-^ 0 7^-^ 
Ltz m 2 Wf u;f®fg:£WA#-f 5B^WA^ 
Xgi, -ro^ro^xi^Bfta^^©©!!?*-* 
£3ia3LTig2©iElt®{g>££/5)c-f 3EKBtfcW£riiX 50 



mm 2003-269917 
2 

St. ±!2SS 1 »g§«B&0±f2ffim«aSi«c<Z>±f2Sg 

i ©ekt*-* *±e* 2 ra»ii*«k«o±Efiflm»ii 

ft£ffo*1-3EI8Bttt-g'j*iei: tr*t5;tt»«i 

2 f2tt«Sgilti-aiJ^i£ 0 
[ff*S7] ±gEBftA*Igl4» Hjfe5A*5*-* 

■C'^^ixfca^ccoxT 1 u^-ii^^A^-rsxg-efc 
0, 

±f2B&f¥A#Xgfi, ±f2{gffffigtl«c«<f«S^Si 
* 3 /n° 7 / - * Lit ±|2ff A#x f u-^If 

r £ £ 1- 5 * £ b -f -5 2 f2gcWSgHt 

* 7^"7^-?MAli^f>t*> 7®Mfiff 
7 ^ - 9 X fo 3 r b £ m WL b 1- 5 r £ Sr #« i 1" 5 M * 

umm9] ±ieiij^A7jxe(±, m^?>^y/~9 
Mi7-9*wmL&&My-9frbm%t.<D±.mmmm 

snux-h*) , 
±&ismmmi&&i&j:uti* & 1 o©±ffiEKBffc&£ 

±IEffi|*MfifeMjEXStt, ±82m«SW«ofll«ff*s± 
Sr^cl-SlSt *rWi-S r <!r ^#m<!:-r5»*il 1 12 

[StllO] ±ffi^7^-:?lt ^7l/t*^7ro 

77 ^ 7'°7 p< -^^iZ/Xlixx u-^-* p< 7©aHfcf£B 
r t Zftmb-TZ z b Sr»«ti-5» 
*«9f2«Wggg||+SiJ*ffi 0 

1 1 ] ±!2{f SM&£f*Xgfi, ±SBHffi 

1 2 ] ^n^ff-r 5 2 sx±.<Dmm£At)i-z> 

MfoAXTMb, 

±12 2 m±<7)H^7i^ & SgfUx - ^ «rf|CU UiSSgSf x - ^ 

£EfBBffe£j&X£ t , 
1 oo±|2iig«IH^^^^-5wic^ffl Lfc±f22J^± 

fiB^^Xgt, 

±ISfSiS«iif«©««lttcS-3v^T*ijEffi|ltlitttS:^ 
1-5Sg|Si®^ttiEXg t £W L, 
±f2Sg«t@i^fflIEXSli, ±Eflr««Htfi©««lftiS0f 



(3) 



A^i-rsxs-efo'?, XfESBftBfiffiiExSfi, XfEfg 

Bf££ffA^-f SB&ffA^Xg,!:. :oflA?^fi/ 

w-r5^t£#mtr5§it*ii 2tsttosgiif+aij^ io 
iw*« 14] xie* r ly^mmxtmmt, 77- v 

/ y \c 4 £ *-r u-^BftiSflLXfl^ U 
XfEBIfeffA^Xgfi, ±fe{gff*S^«c(^1-5ffligc 

1 5 ] xie^.7 1 i^mfeA^xstt^ n i » 

±lE5©t§B{££j5jcIgfi. XfESgKD^u^Bft^ 20 
m l roSgfUx-* LKSB 1 n&MT-ffabm 1 

±IEft!ffigffi^^XS«, ±1EKS 1 »S§SfBi!££$ 
-rsotcftfflbfcXIEBl ro^xi^B^co^/jK 

±iEfE»H«Hf jEISH:, XfEJg 1 <z>« fif^B^c/Mf *S 

6® 2 W^x ^Bffe£SA^5BffeSA#X|i,>: , 
-com 2«^fl/ffi|*>()1 2 <75E£gtx-^£^ffiL 30 

gib i nmmm<n±_%m\t *£««©±iesb 1 osggt 

3±fEJg 2 ©Elf-i'tJ: 5 IG^ajfi^ffiKHft* 

tmm 1 3 fE«»sgsif+sij*fe 0 

16] _kfE* r u^BftiA^Xgte, ^ x u 
XfEB&ffA^Xgfi, ±E&ftM&«tt£»-*-£f(* 40 

[ifl*JSl8] Xfe^-r u-^-iSftA^ixmfi, xfi' 



#M 2003-269917 
4 

1 9 ] xtem AM&icfctt 5 ±.fai&mmm 

[B*f 20] l&^yyt-fite. IXL^y-virD* 

tiLW.'tyt-fX'fczzii&wmki-zmx&i 9tm 
[it*«2i] 7T\s*mmzA?)irz>77 L i'*m& 

XfEffffiSB^coffiiMSlcS^^TSjESgllB^^^ 

±IE!gilB^SE^©(4, XfEffffi«B^»'(fffig^sF/r 
<t 5 tfiv^(S«««««&^r-t-5 i * 14, XfE 

t-rssgBtitaygB. 

[»**2 2] ±?Ef§«fillRl±«ya#®tt» xtEism 

^xi/^-B^^f>86lHB^^±^-r5g6liB^H^^ 
at^WTSCi: Sr»«i:1-S»3jtS2 1 fEicroSggtff 

2 3] utlfl'A^tSBtAAft 

1- 5 !EfliB«lfiiE^S t Sr* L . 
XlESgHIB^ffiE^Sl*, ±3Effi««Hfife©flr«it!jS0f 
^roSlfitJ; 9 fc{Sv««S«lgcSr#i-5 t*Ht 4 XfE 

^SA#T5B^SA^gir, ICffA^^fl'ffi 



(4) 

5 

- 1 ti-^imm 2 3 mm^mmnmmmo 

SWt^^Sir, 10 

S««IJ; «? tffivH&ff Bigfl*£&;frf 5 i: #f4, ±ffi 
[St*Jf 2 6 ] ±fEft llgfaXMa^&fi, XfEffiffi 

[»*3S2 7] §t|&$nfcA^ffi«(cK^^Tiijff^ 

* x u *Hf£< £ A^ 1" 5 iffifgA;'} i , 

*B{fe£$#l£i, 30 
S^BSfii ttev^ff £ £f4, _hlE 

SrffA^-rSW^SA^Si:, :©ffAf^T^I 
{£7Mb SgKBfgj £ ±J&1r 5 Sg8tB{gi3£jS^IS: -f -5 
d i:5r#mti-€)if*il2 7ffi«<7)D^s/ h^B„ 

X7 1 u-^t-Bi^^A^-rS^T 1 u^B&A^Xgi: . 
:*»©'>&< t t 1 OT)^ff^iii^^^1-§jfffi 50 
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6 

ffiMHt^xg^ 

■t 5 SgSfBHitilEXg L , 

mns^iSi*?)ftns[fi]±^ax@^^-rs r t 
nmm 3 0 ] ±mismm^±^T.mt. ±mmt 

xt- ^^-®^7)^gg8IB^^^j5)c;1-SSgg|®^s^)5)cX 
g^TSd t^#m<!:-r5f»*«2 9l2«<7)7°n ^5 

[fS*«3 1] XxU^B^A^SBiiA^XS 

sw^^xet, 

XtesgitS^MiExmfi, ±S««ffiiiiilfe©m*S^3f 

[»*S3 2] ±eraitiiiflM«]EXSi4, ±ffifi«« 
*SA#-r^BflaSA#XSt, :©SA^fi'ti 

Siii^^Xgi:, 
1-SSggiiH^ffiXXS Sr* U 

fBfflS^i«^5{SSiSiS]±*!iaxg$r^ri-5 r t 

[»**3 4] ±Effi«*lRl±»axSM:, ±efi« 



(5) 

7 

esh* 4- &a«- 6 mm mm$n&T.m t , 

1 1 1 o*»e>fi«itii«*±rit-t-ifs* io 

1- 5 Sggf PMlEXg t L , 
±lESBtlilMlEXgl4, ±ffiffi«Sl5«l©ffi*l£as0f 

7-* Srffi^-fSM^ftiaxSSrWf- 5 r t 
3 7° a ^7 A £|Eft L fcfEfiy&fo, 
[»*JS3 6] ±£ffiBtH46*t]Elgtt, ±C1KffiM 20 

£SA#1-5lH£WA^Xgi:, :<DBAf^rl/*I 

r. t t -tzmmm 3 5 £tt<7>£&&#: 0 

[0001] 

[0002] 

[$*©£«] **ttXfi8M5ttftfefll&ffiv*-CAra 

(4, 1 9 60fft*Hffe5i5, ^»£<f4, X*fC 

^ l^-^Rt/ISBlBjJfy h (Indust 

rialRobot) "C&ofc 
[0 0 0 3] ftjfiTii, AIW0V>*- h-T-t LT£&£ 

hittgftD, AKl0>±eiit*0>«*ftJaBJw*5^ 
T, ffi^tcfittrotB&LfcAIBh *SlSE^©ii 
£:frife£af>Wf51£*fctt*.-cV5. AX 
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5/ h (Humanoid Robot) §0o^y M£gli v gEI-Uffl 
[0 0 0 4] ;h5,iOn** 7 Hlft, jSmfflntf-yh 

[0 0 0 5] t - *>T\ D* ? F ftftBttXttttfHB 

iEBix— lot lt, 7-r u^-ph&kj: 

#*>3„ 77 i^EStH-ffl-Ctt, ffilBWKWifcWBfC 
KB $ tifc 2 o^±(7) # * y t> b # 6> ti 5 i5{g< £ ifctfc L 

II»t ? 7t m \c i o Tfi* ^ 7 W-C4tfES«^iE b 
<#^tir, ]ELV^rataJE#T*#4v^i:*s*>5. ft 

[0 0 0 6] xt W'^-SKSIitilS* i 9 #e>^5ffi«l7 

[0 0 0 7] xr u^-*^ yiD^r- uirm&frh 

<I^Sil^^©#LSg|fT : '-^^#.5aW^fc.5 0 0 2 
(a) 75S02 (e) 14, ^£*^7©AAIt 

[0 0 0 8] SBfiiB^(4, 7/5^ 
broBg^ieVwi^L, fe^S< ft5J5i*^^7/i» 
fewggfW^vN- irSr^-To xf u^Sgfif+aiJtc J: 5Sg 

£*iii«S:ltK-t-5*ffiiiSteffl*ii5. got, 0 2 

(a) St>*02 (b) ro^*£*^7lf6 0 0LSO! 
*T*y 7iS^6 0 ORC^fi o IC, #iife(7)Mffi6 0 1 
L, 6 0 1 RXI4*©*«SI55t6 0 2 L, 6 0 2 R«jt, 
T^7T-V^$.t^gP^(4, /-^X^^CTIL^Sgil 
x-^^qtbit-f, 0 2 (c) IC^1-«fc 5 id, ?E8I®^ 
6 0 3tCjo^T, /■YXf|j6 0 4Mn5. 
[ 0 0 0 9 ] 0 2 ( d ) IC^I-ftlgSB^ 6 0 7 (4, ft 

So 0 2 (d) (c^1-f59jT*W{f«aM^6 0 7(4, 

«**#v«, {s«ut*«i«<e<3R*$n, ^Scffi^/j- 

0 2 ( c ) <DSgH®{g; 6 0 3 T*ggffllCiffi7)S jE L < t+fiy $ 
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(c) ^-t^mmmao^x , ssst^iEixftffl-c* 

[0 0 10] 02 (e) lC7ji-f-?X?'&<DmMmm6 1 

ofi, 02 (d) nmm&m&nftmmm^mg. 

««6 0 8 48^o (H) i it, 0 2 (c) nmm 
Bit 6 0 3^)^-7^-^ Lfct,<£>Tfo-5 0 riXlCi 1 ?, ffi 

6 1 2*s^^ft, 
^^W-T5M*iE6 1 1 «W|2 (e) 

8BB&6 l OfcEUfcSit*. 

[0 0 1 1 ] 

[»w;5s/iP*L«t5 tragus] La»We#fe, t£*<7> 

±3$ * r u-^-gggiH-SU T-SgSfT 5 ' - * Sr L T ^ -5 7c 

2. KW$WBH*ffiSr*rU HE LTiMf 

$iSr*-f 5B& 

5 njffy Hi, — )£-C/j:v^Wai*rt^tJV^ 
T , HiAtf Kir >K 5 1/ ^*9f -CttB*fe*sisifti1-5 r t (c £ 

[0012] Mid, ^TyT'iz-h-y-yf^CJ: 

[0013] £&*©fHtfc:«*T 

Sr-atfBffelcia^Tfc. RBg&tf##t*KH«fc<, K 

[0 0 14] 
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W±C0B^^A7l1-5B^A^X§ir, ±fE2«±<7>B 
{£t)> b SEHtr- * £ H m UttfBKx - * a» f> 8§8fB|gt £ 

J*-r5Wlc^ffiL/c±IE2JEl±(OB&W>/i< Hlo 
ffil*B4M&jEIg t 5r^TL, XteSg$tBf$lffiiEXgi4, 

io ±ieff*aB^roft«s^^(DH{i± 9 f>ffi^fim m 

[ooi5] *»wt*j^Ttt, lltt^i±MiSl; 

[0 0 16] XiEB&A^Xgfi^xl^Bfl!^ 
X*t5Ig-e*9, ±iE{R«ltl*fl±&axSli, Xffl 

fc^xi^Bis^ffA^iTSB^ffA^Xgi:, -off 

J&T.nt &%irZ<DX\ ^^tt'^xU^-B^ATl^iC 
Ktt<bft7c;*T i^^M y(T>#4-r%. yH i^y-^ol 

[0 0 17] Mtei, XlExxu^BftA^Xgli, Iffi 

j£xSf4, ±|E* l o^r u^-W«i»?>j(S l ©ffi«7 f - 
30 ^lr*WL^lO!gR|x-^^e>^i <E>«BiB&££ 

1 <75?§ll!B&&±j£-f SOlcffiffl LfcXIE^ 1 u 
SXST'feoT, XlfiSgglB&ttiEXgii, ±gB* 1 © 

■%^s< y t—fZg^ Lfc^ 2 <73* r- u^-B^^ff A^ 
•T-5B«ffA#XSi:. :©|2©^fl'tIto?)I 

2 roSgSIx-^ ^S(±J LT^ 2 <Dg6l«B^Sr±^-t-5«E 
40 BtB^ff^jiicXSt, ±1ESI l roggp!!BI&ro±IE{£m8i 

«««©±I5» 1 wSEKIt"'-^ 2 wgggfB^w 

±EfifS«Sffi«^i3»t 5±flEJB 2 <D££p§r-* {-gm 

5©T\ Mx.li/<7^ -t&m® LXkiSm&tffa±. L 

[0018] *%w^&5>mMim\%m*. mn^^ri- 

2> 2»±(DB^^A^-r5B^A*Xgi:, ±!E2£Lt 
50 ©B^^&SgfUx-^^ftaiL^SgSlx-^^^SgilB 



11 

&*±i&~rz>&.mm&±j8.JMb. 1 o<o±tesg$£Bfg> 

±C« «SB^©m«Ig lc in x flgjEBffBB £ 
^3i»BfgittuEI§i:£*U ±feS§StB{t!ttIEI*i 
14, ±E<imS®^wfi^S^5pjfScoH<fiJ; 9 ti&^ffi 

zGi-zmt mmmm^mmmmmmr-^^m lx 
±.tmm mmmm<nmn m&imf- ? zmtt-t 

[0019] ^m\c^^x^ mtM&'&my"-?* 

[0 0 2 0] *»Wfc:#5BJiftayBfiM:, xfi/« 
SBJIB«£j**B: t , 1 o©±ffiBBB«&£ 
fSB«Bft©{3*£fcS<5^TBjEBJlOT««:£j*-*-.5 

[0 0 2 1 ] *3BlJlifc«3BflKHIIi6«ttU l^H 
ffeSrA^-fSBBttrBA^Bi:, ±E^7 l u^-Btt*» 
fe JgBtx - 9 £ % m L^gEBtx - * A» f> &KB& £ ±J* 
i-*®Hf*±J*#at, l oro±ffiB*B«££j*1- 
5<75(cffifflLfc±te^7 L u^B^w>^< Hioi>t, 

BBfiferofEBK TffiiESgBIB^ 5 BJK 

B«ffi]E¥Bi:&*U ±f£ifBfllB^ffiiE¥Sf4, ±IE 
(SSSBftwftB&JiSBrJfcwHftJ: 5 t>fiV>{Sftffia^ 
$£W-f6£#f4, ±8EBffi«fc 9 *>B^flMSa«r*r-*-<5 
»« BBBttWffifg BSBBt*-* £<£ffl LT±fE{g;ffi 

[0 0 2 2] *38WI-«5njKy h£Hgl4, flfjji&Sixfc 

©iSEBfiBlfeSr^-raroicttffl LfcJilH^x u^ffi 
«0>4>fc< t "b l oA»ibfB«£Btt«r£J*-*-5{&*#B 
±IEfi«SB«roft*HSlwS^v>TffiIE 
B*B«££j*1-5B«B«ttjE#a*£#U ±fEg£ 
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KBB*f]E4MB:tt\ ±IE««SB««ft«i«*S3f««)H 
fit J: 9 fcfi^fifliaS««**i-5 1 § (4, ±EflMKK 

[0 0 2 3] *3BWlcJsi/>Tf±, gt£Bf££&ffl LT 
* » & ixfc 3E»/j: fflJEggBI-r - * b *x 5 * , d 

10 [0 0 2 4] ±feffffigf6]±^a^(4, 0E(&{t 

SI* ® «<Z>{i8lg £ K 5 # 5 > - 9 £ L tz * 

.Hitsri-so-c, ^^i^*B«<o«ffe*#atj«»ttfi[ 

n^s/ h^"7^- ^Sra^^SLfd^xU^-BfifeSrWA 
^•TSriicj;!?, JE{cfS«S*sBv^KB«l*#Sr: 

[0 0 2 5] *3BM^«5njKy MS*I4, ^^ttfc 
20 A#to#KS-5^T»fe£fT3 £#M©n# y h^BT* 
fcot, u«^A^t2.I«lA*f g t , ±IS 
*x u^-BttA^BJUf*-^ **tU Ll^Sggtx-^^fj 
EKBttSr^c-t5K(tB«^¥ai: , 1 o(7)±fegg 

< 1 1> l o*»e>««SB«lSr^i-*-5««fl[B«l^¥ 
St, ±iaft««B«irom*fl[^*<5v^T*|jEB(tBttl 
Sr4figr5K8IB^ffijE#©t?r*L, ±IHSgStB^ffi 
IE^SI4, ±RteS£B«<0{S«£asBfJE©HfiS.t 9 t 
fii^fiSfS«a««*Wi-5ttl±, ±fl5Bfit«t 9 tBv^ 

[0 0 2 6] 

4o *H*W?KlitJ3^Tfi. *«M©BJBWBBBSr 

-e-('o^-ts&pj!-r3o 0K4, *mt©?gti©Bfiw-ai 

5o *5IJI^ffijcfci>T«4, ^f^BB^&^Pjix 
5B«r-*<D<S*Ugji*Bi^B# (B«) ©f-^tt 
fflLTfg««*iffii^ (B%) ©x-^^ffi^ (Xtt 
lira) 1-5^ft»di9, ^xw^-B^roSgBfx-^wffi 

[0027] am, ft^SH^^^ffl LttnmnM 
m<dxt- UTi-sgaif+aijga 5 0 1 z^-r^v ? 9 mx&> 

50 3 0 Hi ic^i-J; £1% ^Ti/«>7 Ufu 
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*M&A-Jj^m 5 1 O^P>#bttfc^-r U^H^5 1 

i ii, im&m&±timw-%< l mm^m^^m 5 
2QRTimm&±$Lf\'^n mmmm^m^) 53 

0lCA7]£ix5o 7l42JW±WCCDi7^ 
^fef+»ms 5 2 0 S.^ggg8PB^^fiEft^mS 5 3 0?)^, 5fe 

^fiOTfts 2 i&u«iiHgi5 3 1 ^£j££ft3 0 

tktiLzntzmm&m&s 2 ua4, fia?.i-5ftffis^fl5 

(Kft*£ffi«) (fifths 10 

««) tfimmziizAK mm. mm^m 

■f) wtfcfflSB (0^-fr-f) 

WU (H**-f) i\ fk 

XfT4 'J xtg<DJ}*y/<7*—?& = >'ha—Jl>-r?> 
(CI) i», XilP# ? h©il^, (9«ff*SK</j: 
5 J: b'<y/ — ^5ray hn— ;n (c 

2) , WS^x^li^Srli"9jitfr iKJ: tillttSSr 

[0 0 2 8] £j&£tlfdl ffi^B^ 5 2 1 SUWiIHg; 20 
5 3 Mi, B®-^**>^&ggB5 4 0KA^$;f"i5„ 
^LT, Bflft-r^*V^»aS|J5 4 0©Hfi»J»«U (0 

©BMe*3Vhn-/uu (C3) , ffim«Sffi«^^aj 
5 3 ifrt 3 m^tz-?y.7$mmt&5 3 2^^1-5. 

WtS^*[Rl3V|-n-yuSrLT (C4) , #;><7|Il^£ 

10 0 2 9] v^ + y^ji!iI^5 4 0(Dv^Jf-y^jijiI 
(C 4 o Tffiff Igfi li*5 It 5 SSix - * * W * V ^ 
Sflfc-v* * SggtSHg; 5 3 2 (4, {&ffiffi££$«t^gi9 

4oT, fi{f«gffil|K(cfcH'5S|i»T ; -^^-e©jaiaco 
flMMMPflv M**l£*s it 5 Sgffitr- * Id 4 o Tffi 5£ $ ft 

5 0 ^©tft^&ft, «X.[4\ 7 7 a 7^*Sit^^f£ 40 

5Zf$.$mm& 5 3 3(4, Bili<M6Il j e^3.-/w5 6 o 
[0 0 3 0] «T, *Hifero^lco^TMtcp»(cfft 

HI"*. 

[0 0 3 1 ] 12 (a) 73)310 2 (e) {4, 3z#lEl3* 

^©A^iffifg! , £#y 7©A*iii& 
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[0 0 3 2] SggSHfgll4, W;ttf»t£©3i QjifeWjg 
*) t-t^tSwi^fJ, #Jx.l4\ WS^iS^ (St* 

8t7-*©©#(cf4, f^i'-hTy^^ioT 

T, 02 (a) AXtm2 (b) ©^^^7116 0 
0 LAXf%%* 7lt6 0 ORtc^-fJ; p SSfificOg 
356 OIL, 6 0 1 RXl$#V>i£:ffiMft 6 0 2 L, 6 0 
2R1 x^^ri^U^fcftlt, /-CX^^CTI 
U^Btx-^ftbft-f, III 2 (c) {C7rs-tXo^. 
VSMWi&G 0 attest, />TXMK6 0 4 39*3*15. 
[ 0 0 3 3 ] 0 2 ( d ) IZ^-Hf 6 0 711 & 

*-t£4 5t-, 7pifft6 o o LXfiir*^ 

6 0 OR^yyy-u- ht U ^<73^-«tfit (Unit) £ 

fc&CQI^-f tit" l 7ltA^#5 r t ti*X'£ 

UteWffiSrftffl-t 5 tfi£^ t> fe 5,, 

[0 0 3 41 02 ( d ) \z.fF-rmx*<nmmmm& q o 7 

ft, ^MRtta^tVNg. 9. Jf««sffi^ 

$*t5o ±3tLfcJ;5lc, 0 2 (c) ©SgiliSft 6 
o 3 T-ggSlwffi^iE l < W-SO 3 tite^y y y ^ ^ tfiZ L 

ISS«6 0 8 t/j;5 o 0 2 (c) ic^i-mmm 

*sji*5«i«««6 o 5(t, 02 (d) \c^-f\mmm 

[0035] 02 (e) \ciFi--*yy&<Dm&m&6 1 

Olt, 0 2 (d) ©fg«£Hfero#*ffiasfiv%|tU^te 
SSI«6 0 8©8S^Oi:Lt, 0 2 (c) WEgHili 

^6 o 3fr<t>-*yy LttbvX'hz, mt 

Sr^T-f-5|S^6 1 2 ( e ) W-^^^fgwSggi 

116 ioicS«$ix5„ ;:f, 02 (d) offffiS 

ffl^6 o 8(4, flHMCasfii/HPHtttWSi-ftfcftfcfib 

[0 0 3 6] -^f«gili^ro3}^i6^iCOV^Tt^0^-t 
5„ ^7 L U'd-*>7li*Jlt5flr*fiKttlli» «**SP«6 
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[0 0 3 7] *x u^SEIIffiiJTii^^coxx u*m& 

mm-tZo 03 (a) lirVT'i^- h 7 0 2 4rffi#ffl-** 
S*BM«7 0 I4r*i-«3*ia. 0 3 (b) f4x^7°u- 
h fc -7 y ^ ^{fVd&tt o 7 0 3 Sr^fSESB * 

[0 0 4 0] Z\ZX\ ±IESS;ilc:*SV^-C, Varlii 
SKPftgW^f&R Nt4xVT7V- h 7 0 2^*ti€> 

E*$c, Y.j afy/w h 7 o 2fa<?mm ( i , 

lLfci2 (d) IC*1-m«ffiW«^*3^T«:, ^ticffi 20 
[0 0 4 1] ^y^V^3T{Cj;5m««Pltt 

Ltli, 0 3 (a) l;itry7'i'-I-7 0 

2 0 3 (b) (OTr-t--7 5/^V^Kft7 0 3»^t° 

5, StJSfrHtSrftS-TSiSISl) 7 0 4i;f&ot, flsjxfi 
Sgfilffl (Distance Number) n d i ~n<i7 (C/^CTil 

lOi^bv = 7f S-fffltS. 03 (c) 30 

f4. a*fc^gHBHSS:i:9» JtEtttc-ry^^^aTfiS: 
tot, fy/l/- h 7 0 2©-7;;f y^37f^ 
-r^'7 7Hir-fc5„ 0 3 (c) |C^i-^7 7{C*3V>T, 

as ) fti£{C*Jlt51itt^rifiiroi|i (SggfftDistance Nura 

t * > ^ * a r \z «t 5 Anns pi® zftfc-r s , 

[0 0 4 2] fcfc. El 1 K^-f ««**«fiv^fB«wft M 
04 (a) 75M04 (c) (CtjH-(OI4, ^t5?^U 40 

isoo, ft ffiSiB^ 8 1 o Rxfmmmm. 820^ 

i-„ 443, 0 4 (a) 14, f^Xf-f (£$) ZG-tZ 
*80 l±tc:g;Mxfc&8 0 2©*^7ll?:*tt© 

X'foz. $.1t. i8 0itii7y^/^-y©f^^ 

•a-, BP*>, U J- SrBSfiSt'fc*^, 04 (a) 

7Bfc8 0 0 (Cfc^TIS, i802 

<nT9*f-*tfWKf, ^c^m^t Lxm^Zti 50 
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= -c*>5. £©*7 L u;*M£gi|S®&7 o l, 

*r<0^xU^-BtfeSr-V2'^>'^5fe(01j^7 0 3 ir-f •5- 
[0 0 3 8] xV^U-KD^fcfit^iSffffigHftW 
#*??iLTI4. ft-f\ 0 3 (a) fcSb-H-S-Ts/^?* 
TV7"l/- h 7 0 2rt<DH*W»g<D#ifcftt£TfSgc^ 

1 T*«>-5„ 
[0 0 3 9] 
[$C1] 

■■•CD 

5, tfcoT, ^8 0 214, 04 (b) Jd^l" £ 5 I-* ft 

*«[^fi<<c9, ffi«SPi«8 l oic*5v>t, ttfcfis 
1-5««8 i ittflMMM*fi<, IoiJ<S*^, r 

60««c8 1 1 tf^Six— *#uEL< ftl^triMi^tl 
5. — 0ilCtBS-r3ffi«8 1 2l4^^Sfc 5 fcfcft 

;6 s i§;< *^£*x3 0 iot, 04 (c) d^rfJ:?^ 
S§Piiii{fe8 2 0{c*j^TJ4, {MftBE;&M6v*«K:ftS1-4 

M*8 2 lfcll/^X;iS£££L^E«5 f — *as#e>*i 

8 2 2tc:fc^Tf4, *0©±8Bs&»&T8BfcjH1"C. Sgfif 

[0043] ZZX\ 04 (b) fC^-ffSig<8 1 1<7>4 

-g\ fSfflJt tfm <*5J:?i;*^7©3ybn -/^7 

^-^^ISIp-t-^o 0 5 (a) 75iE|2]5 (c) (47^7 
CD3^ ho— /w<7* — ^^riai5Lfc^<O^^E*p< 7 
119 0 0, {fffi«W^9 1 0St/Sgffilii)^9 2 0£^ 
i-«*l3-C*)S Q 0 5 (a) D*y'<y 

/-■?<Doh, i) xRW-<y*ffl&-rz>b, 0 4 

(a) fc*5l^T*Jce<J{^$iXTV^«8 0 2 f4> 0 

5 (a) *9 o i ommtmz. «9 0 

^pxrv&m&vsitltib* 0 5 (b) 

lc, r(D«^-(75fffiSiii^9 i 0(4, mcft^-fzm® 

9 1 2RV*fciRi:©SfjftcffiSi-5ffi«9 13t* 
lc, iRttBSi-S««9 1 lOflHWta«K<*9 fiog 
<***jx5. BP^, Bffi»«ffiS1--5taii9 1 3(Dm 
S«^S<*ofcfci{>, 0 5 (c) (C^-T J; ^ {c. Sgg| 
Si^9 2 0<D8iRXf8ib1&k<Ol&mzft%-i-Z&Mi9 2 

2 ir*lcttliffia-r5««9 2 1 \ztsrtZEM7 l -fii 
IE L < fl#T*# 5 J: p 19 , Vmmfo 9 2 0 14^:(*:^5 
»S5iB«i:J!c5 D rcD4 5(r, ftffiftR|fe9 1 0lc^4 
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^ - ^ ^SiSi-S 1. 1 K «fc 5 , fifS*i£««lc*5^ 
[0 0 4 4] 15 (a) tc^-TJ: 5tc*^ 

7t :ti:±f) mm&w&y ^m<ommm 

B|l*>, 04 (a) [C*3V^T. *80 1lt ^© 

in«8 1 2 1 Lxim&mmimhtix^^tciK m 

6 (a) IC^-fi 0 tC, ftl 0 0 2(Df^^fT^i* 10 

£-tirfciI-gic, * l o 0 l ASJI< *^Six-Cfl|«*s** 
$ix*ir^»^s*)5. irit. 0 6 (b) »c^-f(t*ft 
Vftl 0 1 Od&I^T, *lctiai-5!MisEl 0 1 2(4{f 

6 (c) fc^freiWHfci o 2 oicfc^T, ff^tas-r 

5Wl 0 2 2tt/>f X#3B£LT. ffififcJCCfcjgSJ 

[0 0 4 5] roi?^ Witf, ^7J~$zmw.L 

T1>0 4XtJ«H6tC^i-flMfiSS(fR8 1 0, 10 10L 
Sri** ^f»£<0**i&*£*Htfc^W»£^j£1-£ r 

(!ilf-?) *r»5wi S. BP*5, 
tSlcHSL, jEU^Kx-^i^&ftfcfiStta 2 2 
i 0 6 l^-f «tc*g ^ L . IE LV ^Sglfx- * Am btltz 
I«102 1i:a^t5rtlcj;^ ±T(OfSig 
^E»fc^x-***p*-5ia5 (c) (c^-rsgfiiis^ 

[0 0 4 6] Hlc, ioi- 7/<y--!? Z^tbmitZittefc 
&B**Bi»L-Ci3S, fIflJ$^Ki/^^^|a^*3-ti: 30 

[0 0 4 7] {fffiSiiiff^hy^-tLTa^h 

Lfc9, XfiftS:i(j^L,-Cffi«FI^S»S:ii*»Lfc9 L 40 
[0 0 4 8] MIC, tr$r*»Uf-5, &l>*^fttT*)-^tl 
[00 4 9] &lc, ±^Lfcffiffi«ft««»flMfilSS:i« 

08ii, ft«£$:iS<i-5«yi8B5 8 omWi^^-ry 
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-To 

[0 0 5 0] fifilft±ot/<7^-^*3^l> 
n L T{f iff g A* ffi I x - * * ^1" 5 * 

m&&&n-rz> (Xfy^Sl) 0 -t LT, ftffi^iS^ 
A>ib, fS^gASfi^MScASfcSA^A^^m-rS (*9 

T^U^f^nyhn-/l/f5 Ufy7*S 3) . ffffi 
^<S^««*s*^»^f4, Xfj/^S 1 IdMSo *x 
3\ZX'<7*—?&=i> hp- )^\,tJk, f¥g* 

7ls*$J7\C&l9 7,7-U*mi&*Wl&LXX7-U*m 

«XtWi«gWfc&JR»-r5 0 rroSg#bti7ift*SS 
KftfciSV^-C, ^fyT'S 2T-^tH$n/cft^SAS{g;^ 

4) , ft*SSA5ift<^ofc«-g-{4 % Xf-7 7'SlSO ! ^ 

i!£»Egf:r-*£-£-J55cL (*x y^S 5 ) , SEfSx-* 

Sf^^®#1-5„ r 5 Lxm^ftAS{gv^^»m«SAS 
< fc5*-Cn#5' hXli*^ 7'<7t— ^^=J>- ha 

-^l, ^#^>^^7•csgal7 : -^^^LTW#ISASi^^^lig 

[0 0 5 1] ^(c, ^°9^-^^fb$^A5P)B^Sr 

hxi±7Jp< 7'<7 *—?<Dmz.ii j y->( 

l-<ltT-l V 7%*=>> \>n-;l-fZ> (Xfy/Sl 
1) „ * LT^f i/t* ^ 7 1 J: 9 1*4:1115 

s l 2) . i^*:^^T^ +^*tt*©iii«Sr*#Lfc*»5d> 
SrW^L (^fyT'Sl 3) , +^St#UfctJpJ£$n 
fc»^-fi, Lfc««©fi &A«UX A^ift b > 

S14) , Eft7 f -^4rW*-f5. ^Xi/T'S 1 3tC 

+#-e*v^we£ftfc»£-i4, xry/si it; 
7X7.<ru*m&zWi&L, x : ri'*m&Rxjmm&m 

(^xs/7°S 12). 
[0 0 5 2] ±3*©*ffitJ:9, U*7'<7/- 

? £ a y h a -;u L T t ifffiS S5 » 5 r t A^ T? t ft V ^ 
»&^oV^-CBlWi-S. 0 5 (a) (^Lfc^9 0 2 i: 
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Xh. i^m££m<-?Z>~ttfX-Z-f, :cJ:5 4fl« 
[0 0 5 3] irdSt?^^ofc{B;ft 

-# . sebix - * a*wre * * a»o fc{gft mm mm % * 

[0 0 5 4] i^lC. mfflS^iS< . Sgfifx 
t * o (Sfll Sr - t © ffl IB © i«fS*«««c© ffi 20 

(a) 75S219 (e) «, H UC*i-flM»taHSV^* 
V J «(*,y) = 0 

[0 0 5 8] rrT\ ±IBicS;2©7 7°7~>7^V4-# ^ 
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* tt4f 590 icis»+ 5«iaisife*:*i-flts:ia-c*) 

[0055109 (a) <Dlx.fl / 7li 110 0 tC^-f 
•fcSfc. OfKl 1 0 OW^gMHC'^-^S:***^ 
«*.tfSjJ?-^flp©Jt*« 1 1 0 1 [219 
(b) ©ftSSW^l 1 1 0 K^-fJ; 5 K> *j-fe#I©J- 
yv?fcffiai-5ffi«l 1 1 l»#©fiS#l 1 1 2f4*o 

Bi&i i lOfl?^ (gfiffiaffiic'efcSffiSci 112 

£0 9 (a) K^-fX* 7lt^?>v^J LT, Sggfpj 
H2r*©5t, 0 9 (c) K^-fi5fc, l&mffl*^ 

iciffiS1-s««i i 2 i©E»T-*#tt9ifca»ixfc-9' 
**ilH£i l 2 0/js#e>tv5 0 r©-^;*^ 
i«112 lfc#LT, *©^H©m«S^iSV^«cl 
1 2 2©E»7 f -*«H£JBL-C-T**ffi«l 1 2 l©Sg 
m^-^fcffiSSU 1 2 l©ffi«x-*£ 

[0056] 9^7^*3es;©aaiWJ5c*ss:tt, Tie 



[0 0 6 0] r. r t\ 

B + ©fflf (x, y) 



±isiks: 3 © u 



[0 0 5 7] 
Iic2] 

[0 0 5 9] 
[«3] 



•C2) 



•(3) 



(x, y) tt y 



7y ^m^<DWj}&l*m^tzWM-)5Xi&frZ>mi 



_ - 1. y) + «,(* jj; y) + «,(*y -l) + n,tey »i) 

4 



★ 0ij x. ff TbE^ 4 Sr^ffl *■ 5 r t » X £ 5 . 
30 [0 0 6 1] 
[«C4] 



••(4) 



[0 0 6 2] ±fE3fc£4 ^rffiffl LT, &Sft0&£«L 
"t> 0 9 (d) (c^-r^ggilpi^ 1 1 3 0^r#5^t 
^-e#S 0 B9 (d) fcij*1-J:3K, 09 (b) tcio^ 
Tfe«fi«Mft<ll<*^£*L-0''fc«B«l 1 1 2^©ffi 
ff«SgU^^©^ffl©ftSS*iK^gp^©8Eilr-^^ 
<fc W^ftfcSgftSHfe OffijEEKPift) 1 1 3 0^1 
f>tl5„ 40 

[0063] Z<D£oiZ. (M 
IRI) *©J8ffl©{t*Rga«*iV^I«©ffi«r-* 

£t Kit mmmm \m * n 5 1 (4pb e> * i >„ ma i4\ 
Si^Lfcv^ftffiS«i«ASiii«i©«ja»^*>9, 
aMS«©H b ©-»# *{&*[&«* tsutv^i 

1 oa>Hffe©*a» ib -Cttffifa^fSffi«E©M^Srfif 9 
rt^T-f ft^m&fchZ. z<D£? tern-fr. ^fi/* 
*>7©««lffifil«:Sfl:$*5, En*>, c**7 h©fX 50 



*^©ft«aw^©*»^{cov>Ttft^-rs„ 

[00641 010 (a) Mill 0 (b) tt, SVMC 
S"J©*> 5(fcaiC*Stt5**««ftWflll 2 0 0, 1 2 
10^t. 010 (a) fCtJV-C, 0iJx.tfpIBT*(- 

flMH*a«fiv^»»©fifwi*»i 2 0 1 &ists&{am& 

ffi^l 2 0 24-^TL, Z<DfciSm%.Ul 2 0 1 ©Jlffl© 
if iWSSfl 12 0 1 ©ggPix-^14, 010 ( a ) t^-f 

ism&miki 2 0 o<r>Z)-frh\-m&-rz>^btfX'%t£ 

2 0 l©Jlffl^Ti«m«Sm^l 2 1 3 tf£Z>£ 0\Z 

■tz>, 0*15, mio (b) [zmrtjK, {&mm&m 

2 1 1 ©Jlffl^s^-CiftftiSgffi^ 1 2 1 3 1 % z> x 0 »c 
r*UCfcD, (gft^ggpi 2 1 l©x-^Sr, iff 
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flNM&WKl 2 1 3<AKItfx-* WBLTtfSS (M 

[0 0 6 5] Hit. mio (c) ic^i-i 5tc, ISftS 

i^*BttKfiffi<Sffifl5JSE 1 3 0 0 r t^^: 

tf, EI^EP 13 0 1 r-^-TJ; 5 fc, £± 1302, * 
T1 30 3, 6T1 304, S11 3 0 5 ©WfCffi)/^ 
U te{f*&a5 1 3 0 0«)«HiS±-CiBS««ftffi«i 3 

0 6TH*ft5 £ 5fij£££Kl£tfTfi»J;ttf£-tM#© 10 
#.*7Bfc£#5 0 -t LT> d ft P><7> 4 ^Bfc 

1300 K>jnn«rBtriCfliMftm 1306 ommy"- 
*frt>&im&m®i 3 o o<Dm&T—?$:ffi%, m 

Wi) LT. ^^E6Mft («IE£S§6B{t>) ?r#5ri 

[0 0 6 6] JUT, e»7*-*©«*#ifc*HiftotHi 

1 l<75 7n-^^-McJ;i9IS,PJ-f-5 0 *xl^#;<y 

5 1 0Mr^I|5 1 lA»f>fB«£iIifc±fi£H-J*g|5 20 
5 2 0l£TfiiM&B&5 2 1 ££j&Lfc&, fg£&Btt 
5 2 1(4, B^Xdf-^^ag)15 4 0(CA^$tl-5c 

z<Dm&-?x*^y9im$i5 4 oict, 3t-f, mi Kc 
(fifliMKflugo ^b«k5 2 i <Dmx-±Kbzt>> 

5*»«:*fflra (*Ty7°S2 1) e X77/S2K- 

^^sa»B^4^$tb, fiitffls&i5«^afP5 5 o 
KA;*j$ft3. i&mm&mmmmtnmm&^m 30 

*»«r!pJSU (^ry/S2 4) % -jgKLfctWSLfcif 

f , ffififfi^<oi£»x-*£ffi5£ (MM) -T5 
77/S2 5) . ^f^S 2 1 -CffiffffiSlfB 

(ffifHRSMW) #B&»*#-k}c: fc^^Jfc^ftfcli 
^i^ry/S 2 5^il^ fifflKCftOEft?'-** 40 

[0 0 6 7] ^toggi: 4fti4\ t£*f4*x u^-Sg 

*>> 

l. ^W^7<#<fi»^ 

*a&m& so 
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trBffe 

5. ^fcT7K-77-f V'm^'fc^^^^+SrWrSJt* 
tMLTt, ff$SKB{$!£m*U «*U£jiS<£^#& 

^iftV^^Sr^L, ^WfffflgB^fcS^^TSEilB 

[0068] «t> i.mhtzmmommictsrtzxTi' 

14, ffi8S«^Ofi&K>0S4S±(O^/ < c«ffi|cj3ft5A 

a\ A^^tTps^w^afp^aiT^s^v^-T 1 ^ 

[0 0 6 9] Hi 2lc*i-«t5l-, ojKy HiSlSlfi, 
ft#£|$rL - y y. 2 (7)glf^<7){5g(-gjg|53.i y h 3 ^Jg^ 

£ft5<!:*(c, tt2^<DMn^--y V 4 R/Lt, & 
*2o©p«a=y K 5 R/L*saii£$ftT#fj?S§ftT 
1^3 ({fit, R&tfL<D#*f4, £;KXK£cD#* Sr^f 

[0070] znuxy bmm.ii>mm-rzmffi&&m 

MtiZm 1 3 C«3S«Ht*f. SS3 = y V 3 Sr^^Fi- 
5tM^(4, fMSfia-tti oii, irffltttr 5/^*1 
02i v ITHUSo— A4*l 0 3 t^o 3 g*^Sr#LT 

[0 0 7 1] 4fc, ±K«t5#*©»i=yh 
4R/LI4, WBMfify^Wl 0 7 Iffi®P-;U« 
108i, ±©53-Wl 0 9 MHtttry^-tti 1 0 
HuJBBa-fan i i ^B8«lSf y^ttl 1 2b, 
^"S«n-yu$|iii ni, ^{BJi l 4 bX'ffif&Zti 

So «n4 (4, hk^i±. m&*<Dmz-£tf&mffi 

• #g*g«it#:T-fo?), fcTcL, ^1 1 4CDftf£ 
(4, hMl ©»»WfP^*fT««iKiti-5»4- 

[0 0 7 2] «MJa = yh2(l 1 MtVf« 

104i, f*:#n-/Kii 05i> fr»a-«il 06i 
^5 3 gftS^Wi-5o 

[0 0 7 3] TK^«fi)c1-5#^roPgP^=y h 

5R/Lli, »§8«3-*ll l jRHfffcTyf-Ml 

1 6t, JftBfltlSP-yHfti 1 7t. IlSfyfttl 1 
8t, SWfyfttllSh StMfflo-/u$Ai 

2 0t. JESB1 2 1 irr-«^$^S<, *?fl^»^T'l4, 
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JftKWtfy^ttll 1 6t1&mffia-^mi 1 7<D&& 
fi, n#y hgfBl 5. A#«S 

*1 2 1J4, HISlC(i#Mgfi • #itfitf©JEJ£**A/*; 

So 

[0 0 7 4] £i±**gfii-ixtf , n # y hS6« 1 
LTi±, £-H"C3 + 7 X 2 + 3 + 6 X 2= 3 2 

ron^^ hmWli^-T Lt>3 2 S*ffi(cpgS$n-5^ 10 

[0 0 7 5] ±i£L/t«fc5&crtf'y KIEBl ^to#g 
£gf4, HIRtliT^^ai-^Srffi^-cllSgSnS. 

[0 0 7 6] m 1 4(^,4, P**5'hMl©Sffllv'^f 20 

2, 11*53.=:;/ h 3, BSb^B- 3 - — y h 4 R / L , = 

»o»£:«iP«:ff 5W»3-= y h l 0 i T**j&£*t.5 0 
[0 0 7 7] P/KyHIl *J»-3- = y 

h 1 0^ioT^ffi^(CftlJ»$tt5o «#p3.= y h 1 0 
(4, CPU (Central Processing Unit) DRA 

M, 77 y S'aROM^roiSlslKa !«• (B 

^Lfrl'O -T?«J*$iX?,±SiJ»a3 1 It, SMHSg-^n 30 

^y h£t i o&m&mmt <r>7 ! —9^^> k<&ss 

AxfcJ^iZ3[elg§ 1 2 in?fllrii£Ji5. 
[0 0 7 8] *^^lSt5?it\ ro$iJW^-y 
h 1 0 <7)!§:W§@?14, «ffcKj£3ft*v\, Hll4T-[4ft 

itLTUl> t fcSVJi, cutfy h§£« 1 fl4l§ljffl.3. 
= ?M0S:ifLt 1 D*'7hgilO|*ili#| 
X teMU -C£{f t" 5 J; 5 K L T t i i/ \, 
[00 7 9] 01 3I^L/;o#7 h^Bl^W^^gfi 40 

H9i£ti5„ i-*fe*>, SS^^y h 3{c,4, fMapH 
-tllOl, f MfiSfy^ttl 0 2, l"Mii5n-yUttl 

A, , fHS5fyf#7^faX-:?A, , ITBflSn- 

[0 0 8 0] sM^-y h 3ICI4, fl-SB^ftSr 

SUffc-f 3fc#><Z>CCD (Charge Coupled Device) D J- 
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[0 0 8 1] ff#SR3.= y h2|Cf±, Mfyf 

ttl 0 4, ffc#a— A^fcl 0 5, fr#3 — ftl 0 6<75^- 

— /UfiT^^3.ai— ^ Ao , f£#3— MTy^Ji— 
A 7 ^iER^tlTV^o £fc, ^gfirL-.y |> 2^f4, 
r<DD#y hgBlwSliWMt^-S/^yxy Mxt 

[0 0 8 2] B6SB3.=. y H4R/LI4, ±853.=. 

y K4, R/Lt, H4 2 R/Li, MSB 

3.= yM. R/LIC«e^b$tb5^, MM®it 0 y^flll 
10 7, MHgna-^ttl 0 8, ±J8b3-W1 09, ft 

Mfifify^Wi l o, MSB a -Ml i i, ^WBBVy 
^wi 12, ^-fMipa-^Wi i 3<D&*it^-tz>m 

^^-*A 9 , ±Sb3-#T^^3.31-^Aio , ft 
ISfflSfy^T^^a-^-^A., , MSffin-/k#T 

Aii , ¥»D-;utt7^f^i-^AH 

[0 0 8 3] ifc, Wi=7 h 5R/L(4, ^cffi|§i5^- 
-y h 5, R/Li, B?a-=.y h 5* R/Li, JlgB^. 
=-yh5 a R/Ltfil5Mt$*i5*s, fl5M8S3-ttl 1 

5, USMIPfy^ttl 1 6, IKBB«P-/mil 17, I 
Hffit°y^«l 1 8, SfMfifit°y^ttll 1 9, £#§3 
© n — l 2 0ro#*£S5i^5J&||i®j3-$ft7^ 
=.m-^A,« , flSMiSfy^WTy^aJ:-^ 
A, 7 , RBSflin-/U«i7 7-^3.3:-* A.. , 
fyf«7?fai-^A„ , Sffflgfit 0 y^WTy 
^a.^-^A 2 o , Sl"iagiSo-yU$ftT^f"3.^-^A 

-<?A 2 , A 3 J;i9»*L<(i, =¥Tit^MT 

lot- tff&J^Sr^^yTVfcLT*-* •a-j'h 
rtlcMLfc^'fT'iD/JvlACt- sK • Ty^^-i-^ 

[0 0 8 4] fm»a= y h 2 , si$B3.= y h 3 , 
pP 3 -— y h 4 R/ L , #»»a=y hSR/L*^# 

SI52 0, 2 1, 2 2 R/L, 2 3 R/L&mmZtlX^ 
2>„ $^IC, #W»3.= y h5R/L©SJSiS3t*Lfc 
^S^Srtftffi-t-SSSttSBS-fe^S-OR/LSrSgJti-S 

[0 0 8 5] &mmm±>-Q-3 or/ls, enxLifsis 

W^^^t^o §5^-fevt3 114, #Jx.tf, *PiIS 
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[0 0 8 6] 0 R/LCOtB^tCio 

ir^-cts,, tit. lwm^ici^, 

[0 0 8 7] &m^l lfi, &±^V3 OR/L, 3 

zttfxzz, <£ vMrttmat^ mmm$i>2 o, 21, 10 
22R/L, 2 3R/Lo&*(c#LTiIJ£l$/ t ^^l;lJ$l£• 
[0088] n^yi-gii <r>mwiiX'<D±$fmm\i, 

BMMWl, ZMP (Zero Moment Point) flag, W&W 

», ±R2Ku JK&KSftifSrKJt-f-ai&fc^ nil 

gijftjffllgp 2 0 , 2 1, 2 2R/L, 2 3R/L(cKS-i- 

5o -t LT, &*<Dmffl'®%&2 0, 2 1, • • -^T- 

fi, ±fffl#Pgtfl l)l»?)©ffl 3v>KWLt, #T 20 

ai , a 3 • • - micMLxmmmmm^- 

Zttits-fz, :it^5 tzmpj ti±, ^ff^w^s 
9, £fc, rzMPdiilj tit, mZ-t£atf-y hmmi 

*5, ZMP Wfll^MVtC ZMP £-^Tt oHy). d^^ft 
WSlMISlCiiffli-S^JCOVTfi, Miomir Vukobratovi 
cig "LEGGED LOCOMOTION ROBOTS" CtUll— gR^S 
fToaKy K£AX«£J (BfiJXSSffHtt) ) (ef£tt£ 
tlTV5 0 30 

[0 0 8 9] WXcoj; 5K, atf-y h^glji, 
IiJKSiJffllSB 2 0 , 2 1, • • -3?^, ±#J»«Sl 1 
Slt^^VKWLT, #T^f-^ai-^A 2 , A 3 

W)^©H»LT^5 0 r*lf£j:9, P#>y b^Blfi, S 
SroHfl^SLTlfL, %feLtLmmX-&ftXZ 

[0 0 9 0] ntf"y hill iCfctt-Sfflffll^ -y 

M ox-ii, ±3&L1tX.it£&&&ffl<a\zi>>\^ flnilg 
Wt#^^^lgL.T^aLT^5 0 HOT 

[ 0 0 9 1 ] ±fflffl%> 1 1 fi, ±i£©#-fei'-0-A>f>tt|& 

$ iis -t v-^x- * ^wtgsr- * xt**?*?*- 
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LTDRAMrt©j^j£ffiKKHfc**W-.5 0 *fc, £»J 
M&l Hi, ^yry^b«l&$ti^yf!J?lMt 
3**5*-* nftSrDRAM 

d-x-^, phut-*-*, t^f-^sy^j/fyaif 

[0 0 9 2] 1 1 fi, P **-y hmt 1 ©*JB*S 

&A£4ifc#)»ifJS, MfflT'vyyJx.&mZ-mL. Zti& 
DRAMCMfS. tfc, ±$fflg|51 lfi, ±J6©J: 
9 l-±ftiWlH5 1 1 i9DRAMI«ft»$n5#t> 

*auMi#*»it©^riiftif«:3Hjwf-*-5. 
[0093] £f>ic. iWgpi i(i x zwm'&&& 

R AMCM Lfclpy d 75 AlCl^l S B(D 
VimcfcCX'<TW}*»:fe-rZ title, SK*3£tt*K 

ptfy M£gi ic, ivb^s r^jg 19 j , r^SQj t 

[0 0 9 4] rOijtUTPiKy MM 1 fit, «HB7 r 

t «fg*S:i>*« * a>it fe£ ere #«ncfT»-e# 

5, 

[0 0 9 5] tt\Z>X\ Z.<T>u#y h^f rtgp^t 

^SISl{-t5(t-5SlJffll7 , D77A©y7 h!)i7l 
J&WcoVv-C, El 1 57iS|gl2 0 ^ffl^TMtS. 

[0 0 9 6] Hi 5JC*JI/^T, x^-f^. • Y'y-</< • V 
-Y-V4 0fi, ftJ^yn^i^ftT&gfefigU «m 

y M ia»e>«rii£ii-cv5. rro*^, #f/^^ • 

*n£titz*7~'/*? hXh<0, Mfc-fZ^-Wx-T 
frb<nmV'ik3i-$;%.rtx!m*ftb B 

[0 0 9 7] tt, PjKr^f5'^'t-/^t7'> ; i^ 
L-4 2fi N ^/M^. K7-</^ • U-T-^4 OCDftTfiJi 

8, ~2 8„ m<D^- h''}x.T\CT?±X-tZ1Ztb<D4 

-v/u • p^s/ F4 3 ir, «agw^^./«c^^i c ai--5y 

7 h^i78f)i5^7-v^-i?t4 4 
(Dfs^x- K7>f/^fflt5y7h9x7Sft5 
=r/<.y(7, • K5-1'^-v^-v/t4 5i, D^yhgfi 
I©i«?:flt5y7 H'x7Sf457f'f>'K • 
p#y h4 6 i:*»bfllfiK$ilTV^5. 
[0 0 9 8] -7^- *y*? • t7v^i ^ h 4 7 li, ^-y'v 1 
V • ^—^^4 8 RXf-f— • -?%—i? J r4 9 



(15) 

27 

fi, d tfx ^ y f . -^-,< . ^ h42, U> 

5 i {z^ix^yy h*>*T&<D&W} J $>f&T&<gmir 

fi, y * I/ * - Kld&ijft 3 * ? is a 7 -OKC 

■So 

[0 0 9 9] 5 V;u ■ $ x. T • \s4 -f 5 0 fi, P*r-f 
• -y— /< ■ j-y'is^? h4 2CD±fiiJf fC-fcgL, M 10 

fc. T7°y ^— ->3 V • Kt5 1 fi, U>'!>i7 

[0 10 0] ^ U>' ^i7- Kt5 0M7 
y°y -7— -y 3 y • Wir5 i©**4y7 h-T^TAUS 
&%tl*:tlffl 1 6 fC7p;-r o 20 

[0101] 5 h'A, • <? i T • 5 0 fi. El 1 6 \Z. 

7Ft£?iz. IS#&tHffl, fiS&ffiffl, WSSfcUiffl, 

%mmmm, mm^mm. mwtmm. *yf-*w 

0 — 6 8 3fel>*|CAyi-fe- ; ?^7 1 i' ^^sy^-^^fi/a- 
A-6 9ftiftrtt6BKR7 0i, tKAtvyf^^ 

*-~>3>>n±m, ^ffffl, t&j&flug, le 

D,OTS^#4Iro^If jjil^ -^a-^ 7 i~7 
7*ifS:*i-5ffi^j^7 9 t d^*fig$4xTV^5 0 30 
[0102] fgl&SS 7 0 <7>#{f ^a^e 6 0- 

6 8 fi, d 4 ■ D— s< • i£7**sx. y h 4 2 <D'< 

— *-*-v*a— 9{c4^5„ r ' T*, 0<Jx.f£, ^ 
irA- • pjKy h4 3(i, Bff^Wiam^fiioT, ff^- 

[0 10 3] A^tvyr-fn^y/W^a-^ 40 
6 9fi, rjltj^lffiHilt-ya- yW6 0-6 8 

^fts^assfcs^vr, r^s^^j , r# 
Wtfcj , mx*t>htzi , rpii*»ttfcj , rK^yro 

[0 10 4] 7/y tr—>3 y • Mt5 111 HI 1 7 
fc^-fi 5 (C, fftlj^-xVu^-Y ^7 V 8 0 , fTfbgj&^E- 50 
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^8 1, ^^-^8 2, ^m*X/W8 3R 
^ffi^-x/U 8405 v?a -/W^fjfllfiE £ixT V > 

So 

[0 10 5] firt&^x^^-r^^ y 8 OlCfi, H 1 8IC 

rfc#J««1-5j , rpts^^iHijg-rs^j , nets 

[0 10 6] -t LT, ZtlhffWi^ Mt. ZtlZ'tlA 
f)-t-?^T-< ?X=iy;<— ^^-^3.-/1-6 9a»£>fg!ffiJi& 

6>-JB«IB**JKl Lfc it* if ic, ^5fdj^ CTmii!!© 
<t 9twflRffir*x^8 3tc|Slf $ttTV^ -5^1-5 ]fi()(75 

[0107] ft*. r©HK«)3Kl8ro»^ ^tTiti^x 
/Ki, ^<7)tTiil**^-t-S^i: LT, 01 9fC^1-«t 
5 410C/-K (tdg) NODEo — NODEn 
•ftb (75 if coy — KNODEo ~NODE„ [-S^t"-5^Sr 
%r J — KNODEo -NODE, (-Ffl^S^-tS T-y 
ARC, ~ARC„, f^^LT-eiX^n^^^ttTcjl^ 

p. -Pn fcs^i/^Tflfc^wiifts-rswRtt** 

[0 10 8] AffWfc, #tT»J*x/Ki, WftilS 
©ffWl^-x^Sr^J*^- -5/— KNODEo ~NODE„ 
[--ttt-€tt*fJt6$-a:-C, rtvfe/— KNODEo -NO 
DE. SfC@2 Ofd^-fJ; 5 9 OSr^TLT 

[0 10 9] ^ra^ffig#^9 0T*li, ^©y-KNO 
DEo —NODEn \Z.&\<^XW&$itt-b1rZ>\t)>< 
V (BflU£$) d5 rA77^-<y h^j ^iJfcMdfc^iJ 

[0110] Lfc^oT, HI 2 0 CO^ffiS^* 9 0 T** 
$tt5/- KNODE.oo T'fi, r#— /u^ttj (b 
ALL) j tV^^i^*^X.btLfe«^C, 

t ttc-^xbttS-frw^— >\><n> r^t^ (siz 
e) j a? ro^f>ioooj - t-^, rpf^tj^ 

(OBSTACLE) j il^5ailig** J -^x.e>ix*:»& 
rggfi (DISTANCE) j ^ ro^i^lOOj (D^fflT'foSri: 
[0 111] :©y-KNODE,.. r*fi, m 
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*>. l8ffi*fvU8 3fc««r£il,fc (Joy) J . 

(Surprise) J Xf4 1"^ (Sadness) J <D® 
ftt>W<y rsod^lOOj (Df^MX'hhtis 

■So 

[0112] ifc, tlifSgoftt, ruferoy-K 
-oS^54*j ©JUfcfcttS rg^5fey-Kj ©file* 
©/ — KNODEo -NODE, ti^hW&X%Z>/ — K 

T«)*ftisitofc 1 1 (cjI^T* # 5flfc©£ / - KN O D 

Eo -NOD En ^<Dm&Wfc H&<DJ—\i^<nW& 

s645j nmftvMjfci-zmmczti't'iximzti, •£© 

J- KNODEo ~NODE„ iCS^f Zm^ftjj-f^ 

£?Tft^ ri©/- K^-©jSi£5Wj ©fflKc&tts rtts 

jj'rtWll ©fTlCfE$$tiT^-5 0 ft*5, !"{&©/- K-- 
©I«$J ©1ilc:fctt3^T©?iMs©ftf4l 0 0 
[%] £ftoTi^-5 0 

[0 113] Lfc^o-C, El 2 0<O^a#^9 Of* 

KNODE.oo -eii, #J;Li4 20 
l±J (BALL) J L, ^©tf'-A© rsiZE (A£ 

£) j # ro^^ioooj ©i5BT*&5t^5tsl3i;S3i#; 
J?-x.ibtifci§-gi;:(4, T30 [%] j ©5tt<-e T/-KN 

ODE l!t , (node 120) J \CM&X'%, ^(DtZ TA 
CTION1J (DffWi^tHtl^tl^^t tt£Z> 0 

[0114] &'<m*TM%, ZftZ'ftznx oteViM 

Mfe^t 9 0 t LX^M^tltzy — KNODEo ~ NO 

de„ t^^hm'^x.o^xmm.^fixio'o , a;*: 

rt^^ibtlfc £f£6"t" 5/ — KNODEo ~ 30 

NODE, C0^®^*S-flJffiL-C5ft*W^^ffl!)* 

[0 1 1 5] Ell Yfc^-rtftlj^^^^-^S 114, 
tfft^r^y^yy y 8 0 (D^nm^y/^hift^'ft 

ff-i-^mP)^-^^ K (JWT, frWi^^y KirV^o ) 
Sr5 F>- !>x7- Wt5 0 ©tti^-f?-^ ^ * => 

mm^^'Xit, mi siOov^xTmicmi&fttznm 

E-(t + l]-E[t]+kexAB[t] 

[0122] ftis, &wm.&$k*?ftt)±^yy-j7y^ 
^lOtliAE [t] |.li:'©gg©I*#£-!j.;L.57W4 

[t] lcA£ x., fflS-Cbn/cj i^ofcfg 
!3eI£*I4 rsi^j ©Iffftw^^-^fiiMftiAE 50 



ftffl 2003-269917 
30 

[0 116] ffftSJ&^v^-vPS 114, ffft5£ 

e 3 -^xb^5fi : »^TffiS(cS^V>T, ^©fifft^T 

m^'^s 4|-ii*ai-5„ 
[0 117] ff*^a-^8 214, A^-tr-^V 

SICH^ rqn^^fcj ^> ffax-btitzl tet\ mm 

%frh<Dm$frut Lx^itzm^mm^^Ati-r 

[0 118] ■£ LT, ^W^^-A-8 2(4. Z<Dmm 

i ^©ilSodS--^ 

mmzi&TZit. mxbhtz mtbhfttz) j t#ic 

{4^©tTft©3§91.5«£±#£-tt3 4 51', fir»*T/u 

y 7 oicjottsm-r^ffij^e^vw^-r-s 

[0 1 19] fth,^, lStf^x^8 314. T#t>* (jo 
y) J , rff.L^- (Sadness) J , V) (Anger) J % 

1"^^ (Surprise) J , I MM (Disgust) J RU 
41 (Fear) J (O-g-tf 6 oOf ftfCoV^T, ^S-tttb^t-^ 

T, ^tf^ex/i'S 3i4, ^tu^#1fSb«^7^-^fI 
^H-t'tlA^-fe-^^-r f ^^v 5 ^.— ^ 

6 9^<b^ibti-5 rpn^^fcj &t>* rjfcT'^tifcj '<c 

/W8 l^ejOii^^ftdS^V^TJSffl^JtcSSf-rSo 
[0 12 0] ftfftticfl, «fflf*7*/U8 3f4, A^ir-v 

Sr LT^b^sia^ t * ticm^^xm^iD^w-^c 

i <o % ft £ ft Z =t <d 1 1 * o tf ft © |g ft m & A E 

[t] , mE<r>z<D®wj<Ds<7 *-?mzE [t] , -t 

oT*<75«ffllCfc(45^©ttft©/^7^-^fiSE [t + 
l] SrJIttIL-, c:ix«:Sffi« J t»W»©A'5p<— *fi£E 
[t] ti#*x.5J; 5(-LT^<Dttft»^<7^-^ffl 
SrlEffi"*. ^tS^-x/l'8 314, rn^ratJHcL 

[0121] 
[«C5] 

•••(5) 

[t] ic^^f^x.5i5i;/ J :ot^5o 
[0123] ::t, W^tvyT-f^^ay^-^* 

•^3.-^7 8 A^WiifeJt (4, ^fc^S^Tft©^^— K 
/^S/^lfS (ffft^TitS) T'fo^, tTftroW^ISSW 

fflf«-c*>9, Jitt ; ex/i'8 3(4, z<r>£oteffim\zXi 
xt>i6tlt&&<t2itz>. rp^j 
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*P [CK O'V % T fT f/KOtet 5 9&tt* * S Hi- 
fi. 

[0 12 4] fT»*S*©7-f-hV<y^tt, ffB 

[0 12 5] ^f/1'8 411, *WW& (exer 

cise) J , rgtffgj; (affection) J , T£gfc (appetit 10 
e) J RXJ ttki-ft'b (curiosity) J ©It^iiUc4 

1v*7.*— LT I ■>•&. -t Lt, 4 
(4, ^ttfe»^*o/N7^-^fI* s 

l[k+l]=l[k]+kixAl[k] 

[0128] ^cjb\ mm.&$kRtmijj-b^>7-4 
>-(?fiofiiAi [k] \a><Dwg.<Diem* j **.z 20 

^-^fWiliAI [k] l^t*»*S:-^i5«tp 
[0 12 9] ftfc, *HJfi©^li^*5l^-C»i, #til»& 

ro^^^-^ttds-tn-eno^p. 1 0 
0 * -coffiffl-csibi- 5 «t 5 KjfilM $ ttT43 9 , * tz& 

[0 13 0]—*, 5 K/U • Vx-T • \s-< -t 5 0CD(±)^3 30 
-tr-^>7'^^^i3>'/<— /t-7 8(4, 0161c 
^i-ctSfds ±3£<D4 5(-LTT-7°y ^r-'>3 > • W 

ir 5 i (DfTt&gjl&^v 5 ^— /us i «>e>#t?>ti5 rsfr 

&7 9<DttJfc-?Z>m j %&m*i?*.—J\>>7 1-7 7fC#^ 

■So 

[0 13 1] ^ LTriXfjif-i-ftOiS^v 5 ^— vU7 1~7 

7(4, nw}^^> vtf^^hfrz t^mnwi^-^y hlC 

W J»5*- * & tfX (4 L E D »C # x 5 m«j * £ * 
$U rixbw-r— ^^dtKx-c • If—'* • OrzfV 
h 4 2(7V*— ^-Y/U • h 4 3St>*fS^-MSIU 

(4LED(-UIftillttii-5o 

[0 13 2] iOiJCLTB*? M£BU4, ±i£L 
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' a*Q# t'(cS^V>TJl«W(CJEffi-fio 

[0126] AftftlCfi, *^x/U8 4 (4, ran 
«J . rgifl^j &t>* rff^j {co^-c(4, mm 

-A- 7 8 *»t>«)ii*p* t*(cS-^^TBff^ro^S;(c 4 o 
#ffl£;h3-tro£#©*»##«>£»*«:A I [k] , 
a&©-t0>«fcfc©/*7*-*ffi«:l [k] , 
iSS^*i-#.mk i ir Lt, R)f^JlWT"Ti5i!c^6 Srffi 
^T^W^ffl»C*5(t?)*(D^ro^7^-^fltI [k + 

-^ffil [k] tm^WkZ-ZX ?fcLT^co$*<7V*7 
^-^ffi^-Sffi-fio ^^8 414, Z\tlt 

i-fio 
[0 12 7] 
[15:6] 

■■■(6) 

[0133] ?temm-7W7J*it. vtfyhm 

§ttfi„ WWT'o^^ASrSEfti-SSftjifrt LT(4, 
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fry * y , X(4 I CA- K«O/J^k$*tfcE1»Bl*(0 
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A^i^ttfifcto, njSyMgBfi, ^xu^gEgfltSiJx 
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t . 1 ooXISSgilBi^Sr^-rSW^ffl LfcXffl* 
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[017] |ct; 7 hgf©y7 h !>*TfllBfc{C*J»t5 

[018] 7/!l^--/ 3 y-l/-ff©fTl*7^7-l' 

[019] I^d*'7 H*lt©fT»ft^©fci{)©fl|«4:/j: 
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7, 511 ^xU^ptflL 5 2 0 m«Bf«^M-** 
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